Purpose To compare the efficacy of intravitreal triamcinolone acetonide vs intravitreal bevacizumab in eyes with macular oedema caused by central retinal vein occlusion (CRVO). Design Retrospective consecutive case series. Methods Retrospective review of the medical records of 35 consecutive patients (35 eyes) with macular oedema associated with CRVO.
Introduction
Central retinal vein occlusion (CRVO) is the second most common retinal vascular disorder in the eye after diabetic retinopathy and can be associated with potentially blinding complications. The ocular findings include intraretinal haemorrhage in all four retinal quadrants, tortuous and dilated retinal veins, different levels of ischaemia, 1 and optic disc swelling in some cases. Some patients may have the possibility to develop the neovascular complications such as rubeosis iridis and neovascular glaucoma. The pathological finding suggests that the site of obstruction is located in the lamina cribrosa. 2 Macular oedema and neovascularisation are the two major complications responsible for severe visual impairment in CRVO patients. The degree of visual impairment is determined by the level of macular involvement. Usually, the CRVO patients often suffer severe irreversible visual loss, and only 20% of cases have improvement in vision. 2, 3 However, there is no proven effective therapy to treat visual decline associated with CRVO.
The standard of therapy currently remains limited to the management of the neovascular sequelae with panretinal photocoagulation. The Central Vein Occlusion Study showed that the grid pattern photocoagulation definitely reduced macular oedema on fluorescein angiography but failed to show statistically significant visual acuity benefit. 4 Recent reports have suggested other treatment modalities investigated in case series, including laser-induced chorioretinal venous anastomosis, 5 intravitreal tissue plasminogen activator, 6, 7 surgical induction of chorioretinal venous anastomosis, 8 and radial optic neurotomy, 9 to improve the circulatory status of the retina after CRVO. However, these studies, although encouraging, are still controversial and have not yet been sufficiently supported by larger randomised clinical trials.
Recently, the effect of intravitreal injection of triamcinolone acetonide [10] [11] [12] [13] [14] [15] [16] [17] and of anti-VEGF agents, such as bevacizumab 18 and ranibizumab, 19 has been widely discussed. They have been reported to be associated with short-term favourable anatomic and functional improvement in some patients with macular oedema due to CRVO. In the view of these promising preliminary results, we performed a retrospective review of data to compare the morphological and visual acuity outcomes associated with intravitreal injection of triamcinolone acetonide vs bevacizumab in the management of macular oedema secondary to CRVO.
Materials and methods

Data collection
We conducted a retrospective review of data of 35 eyes of 35 patients with macular oedema due to CRVO. Medical records were reviewed for all patients with CRVO and macular oedema at the Department of Ophthalmology, Kaohsiung Medical University, Chung-Ho Memorial Hospital between May 2004 and January 2008. Twentytwo eyes accepted 4 mg/0.1 ml intravitreal triamcinolone acetonide and 13 eyes were given off-label 1.25 mg/0.05 ml intravitreal bevacizumab. Patients accepted intravitreal triamcinolone constituted the 'ITA' group and those received intravitreal bevacizumab constituted the 'IBe' group. Informed consent was obtained from all patients.
No cataract surgery was performed either before, in combination with, or after, the intravitreal injection. The following data were collected: ophthalmic and medical history; duration of symptoms; best-corrected visual acuity (the best-corrected visual acuity was determined from Snellen chart and converted to the logarithm of minimal angle of resolution (LogMAR) equivalents to perform the appropriate statistical manipulation. Counting fingers, and hand movements at 1 m were converted to 1.6 and 1.9, respectively); slit-lamp examination of the anterior segment; intraocular pressure (IOP) measurement (Full auto Tonometer TX-F; Canon, New York, USA); dilated fundus examination with indirect ophthalmoscopy and Goldmann 3-mirror contact lens; and optical coherence tomography (Stratus OCT TM III Model 3000; Zeiss Humphery, New York, USA). In each patient, the same instrument (optical coherence tomography) was used throughout with 6-mm radial lines employed. Retinal thickness mapping was performed and the 1-mm mean central retinal thickness was recorded.
The patients were initially followed up at the first week post-injection, and twice at two-weekly intervals, then at routine monthly intervals. Repeated injection of ITA or IBe was performed as needed based on the recurrence of macular oedema on optical coherence tomography (OCT) or deterioration in visual acuity. The interval of follow-up examinations was increased to longer periods once the macular oedema resolved or the visual acuity became stable or improved.
Eyes were categorised as nonischaemic CRVO if there was no rubeosis iridis, and capillary nonperfusion on fluorescein angiography less than 10 disc areas. Otherwise, eyes with 10 or more optic disc areas of nonperfusion on fluorescein angiography or rubeosis iridis were classified as ischaemic CRVO.
Main outcome measures were best-corrected visual acuity, macular thickness assessed with OCT, and postoperative complications.
Surgical procedure
All intravitreal injections were performed according to a standard protocol at the Department of Ophthalmology, Kaohsiung Medical University, Chung-Ho Memorial Hospital. The intravitreal injection of triamcinolone acetonide or bevacizumab was performed under sterile conditions in the ophthalmologic operation theatre with an operation microscope. After obtaining informed consent, the affected eye was applied with a drop of proparacaine hydrochloride (0.5%) ophthalmic solution to the ocular surface for local anaesthesia, followed by topical application of 5% Povidone-iodine (Saint-iodine s ; Patron, Gangshan, Taiwan) for the lids and conjunctiva before the intravitreal injection. Then, the patient was completely draped. An eyelid speculum was used to stabilise the eyelids. A paracentesis into the anterior chamber was performed and 0.1 ml of aqueous fluid was aspirated by 26-gauge needle with a 1.0-ml tuberculin syringe to decrease the volume of the eye, thereby avoiding a rise in IOP. The injection of 4 mg (0.1 ml) crystalline triamcinolone acetonide (Kenacort TM -A; Bristol-Myers Squibb, Taipei, Taiwan) or 1.25 mg (0.05 ml) bevacizumab (Avastins, Genentech, San Francisco, USA/Hoffmann La Roche, Basel, Switzerland) into the vitreous cavity was performed through the pars plana 3.5 to 4 mm posterior to the limbus using a sharp 27-gauge needle. The inferior pars plana was preferred to minimise postoperative floaters because the injected triamcinolone acetonide rapidly deposits to dependent areas of the vitreous cavity following treatment. After surgery, an antibiotic eyedrop (Tobramycin-Tobrex s ; Alcon, Belgium, China) was applied.
Statistical analysis
The visual acuity was converted to logMAR before analysis. Visual acuity and macular thickness at the baseline and final follow-up visits were summarised using mean ± SD. The change in the visual acuity and macular thickness during follow-up was calculated for each case, and the mean change across all cases was compared between the ITA and IBe groups. Statistical analyses were carried out using commercially available software (SPSS, version 12.0; SPSS Inc., Chicago, IL, USA). For the comparison between ITA and IBe groups (change during follow-up), independent-samples t-test was used. To analyse changes before and after treatment in each group (for visual acuity and macular thickness), a paired t-test was performed. The level of statistical significance was set at two-tailed P-valueo0.05. 3, 5, 6, 8, 11) in the IBe group classified as ischaemic CRVO had been treated with panretinal photocoagulation during the follow-up periods as the prophylactic management of the neovascular sequelae. Six patients (cases 10, 17, 18, 19, 20, 21) received one-time reinjection of triamcinolone acetonide between baseline and the follow-up. Six patients (cases 1, 2, 5, 7, 8, 13) received reinjection once and one patient (case 6) received three reinjections of bevacizumab within the follow-up period. There were no significant differences between the two treatment groups with regard to patient age, sex, follow-up period, baseline visual acuity, and retinal thickness. Baseline characteristics by group are summarised in Table 1 .
Results
Baseline characteristics
Outcome measures
In the ITA group, visual acuity measurements improved significantly (P ¼ 0.007) from 1.00 ± 0.45 LogMAR preoperatively to a final best postoperative visual acuity of 0.69 ± 0.65 LogMAR. Seventeen eyes (77.3%) showed visual acuity improvement, two eyes (9.1%) remained the same, and three eyes (13.6%) became worse during the follow-up period compared with the baseline (Table 3) . However, the differences between these two treatment groups with respect to change in visual acuity were not statistically significant (F ¼ 1.723, P ¼ 0.240) (Figure 1a) .
The decline of cotton wool spots, retinal haemorrhage, and macular oedema were noted at all the cases in these two groups during fundus examination after intravitreal injection of triamcinolone acetonide or bevacizumab, and the fluorescein angiography showed vascular leakage decrease postoperatively.
The OCT examination of the ITA group showed clinical improvement in macular oedema (Po0.001) postoperatively. The preinjection foveal thickness ranged from 345 to 895 mm (mean, 606.32 ± 166.59 mm). The final foveal thickness ranged from 169 to 753 mm (mean, 339.36 ± 192.33 mm) with an average decrease of 44.11% in foveal thickness (Table 2 ). In the IBe group, the foveal thickness measured by OCT between baseline and postoperative data also show significant resolution (Po0.001). The preinjection foveal thickness ranged from 332 to 718 mm (mean, 552.15 ± 140.02 mm). The final foveal thickness ranged from 117 to 509 mm (mean, 280.23 ± 119.22 mm) with an average decrease of 48.01% in foveal thickness (Table 3 ). However, changes in the foveal thickness did not statistically significantly differ between these two treatment groups (F ¼ 1.814, P ¼ 0.832) (Figure 1b) .
Recurrence of macular oedema and a concomitant decrease in visual acuity occurred in six cases of the ITA group (cases 10, 17, 18, 19, 20, 21) with an average of 226.50 ± 61.50 days (ranging from 133 to 295 days) postoperatively, and in seven cases of the IBe group (cases 1, 2, 5, 6, 7, 8, 13) with an average of 86.78±46.80 days (ranging from 35 to 168 days) postoperatively. Subsequently, all these six patients in the ITA group accepted a second injection of triamcinolone acetonide. In the ITA group, 19 cases were assigned as nonischaemic CRVO and three patients (case 7, 18, 22) were assigned as ischaemic CRVO. In the IBe group, eight cases were classified as nonischaemic CRVO and five patients (cases 3, 5, 6, 8, 11) were classified as ischaemic CRVO. Panretinal photocoagulation was performed on these eight cases with ischaemic CRVO during the follow-up periods to prevent neovascular sequelae. Those who were ischaemic CRVO had no significant improvement in visual acuity (P ¼ 0.058 in the ITA group; P ¼ 0.14 in the IBe group) and those who were nonischaemic CRVO had significant visual acuity improvement (P ¼ 0.007 in the ITA group; P ¼ 0.035 in the IBe group) at the end of the follow-up.
Adverse events
Excluding elevated IOP, no obvious complication was noted in the ITA group postoperatively, except for one patient (case 21) who developed a mature cataract during follow-up. No increase in IOP and no cataract progression were observed in the IBe group postoperatively. No serious side effects were observed throughout the study. No systemic or serious drugrelated adverse events were observed. Both treatment procedures were well tolerated and no clinical evidence of inflammation, uveitis, postoperative endophthalmitis, retinal detachment, or ocular toxicity occurred.
Discussion
As far as we know, and according to Medline searches, this study is the first retrospective data to compare intravitreal triamcinolone with bevacizumab for management of patients with maculae oedema secondary to CRVO. Best-corrected visual acuity and foveal thickness were used to evaluate disease control. In this study, intravitreal injection of triamcinolone acetonide provided similar therapeutic efficacy in patients with macular oedema due to CRVO compared with intravitreal injection of bevacizumab in the short-term. These patients of the ITA group experienced a significant increase in visual acuity (P ¼ 0.007) from 1.00 ± 0.45 LogMAR preoperatively to a final best postoperative visual acuity of 0.69 ± 0.65 LogMAR, and those in the IBe group also had significant visual acuity improvement (P ¼ 0.035) from 1.15 ± 0.59 LogMAR preoperatively to a final best postoperative visual acuity of 1.01±0.66 LogMAR. We observed significant improvement in central foveal thickness after intravitreal injection of intravitreal triamcinolone acetonide (average decrease percentage: 44.11%, Po0.001) or bevacizumab (average decrease percentage: 48.01%, Po0.001). From our results, both intravitreal triamcinolone acetonide and bevacizumab have been shown to decrease vascular leakage and improve the anatomical and functional outcomes in patients with macula oedema associated with CRVO. However, the changes in visual acuity and foveal thickness did not show significant differences between the ITA group and the IBe group (P ¼ 0.240 in visual acuity improvement and P ¼ 0.832 in foveal thickness decrease). Therefore, the overall results of our study suggest that intravitreal injection of triamcinolone acetonide may have the same beneficial effects on vision and macular remodelling with intravitreal injection of bevacizumab for the short-term management of macula oedema associated with CRVO.
The mechanism of action of corticosteroids for macular oedema in CRVO is still under investigation, but it is postulated that anti-inflammation, vascular endothelial growth factor downregulation, and antipermeability functions of corticosteroid were the major roles for its effect. [20] [21] [22] [29] [30] [31] [32] [33] [34] [35] The most common side effect reported after intravitreal injection of triamcinolone acetonide is the risk of IOP elevation. 13, 14, 17 In this study, seven of 22 CRVO patients without preexisting glaucoma developed steroid-induced elevated IOP after intravitreal triamcinolone acetonide injection and six were controlled with topical antiglaucomatous medication but one needed trabeculectomy. In the IBe group, the IOP was normal even after intravitreal injection. It is important to point out that ITA has a higher risk of short-term elevation of IOP than IBe. Additionally, the incidence of cataract formation may increase with ITA treatments. 11, 13 In our study, one case (case 21) in the ITA group developed mature cataracts and visual acuity deterioration during the follow-up. For these reasons, intravitreal bevacizumab may be an attractive alternative therapeutic option for phakic patients and steroid responders because it provides visual acuity improvement and macular thickness reduction without the side effects of ocular hypertension and cataract progression. Additional injection-related complications reported in other studies, such as conjunctival ulceration, 36 retinal detachment, 37 infectious, or non-infectious endophthalmitis, [37] [38] [39] were not observed in our study. The effects of intravitreal triamcinolone acetonide or bevacizumab are not permanent, and the period of the Eye effect is related to its clearance from the eye. Cekic et al 13 showed that the eyes requiring second injection were performed at an average of 7 months after the first injection, and third injections were at 12 months, thus indicating that the therapeutic effect of triamcinolone acetonide probably persisted 6-7 months with CRVO and hemiretinal vein occlusion. Hsu et al 40 reported that the duration of IBe effect appears to be limited to 2 months for most CRVO patients. These are similar to our findings that average recurrence duration was 226.50 ± 61.50 days in the ITA group and 86.78 ± 46.80 days in the IBe group, respectively. According to the above results, ITA seems to persist longer than IBe, which may allow a more prolonged inhibition of VEGF and reduce the numbers of reinjections. Another merit of triamcinolone acetonide is the relatively low price compared with bevacizumab. In our country, bevacizumab is far more expensive than triamcinolone acetonide.
Ip et al 12 showed that both nonischaemic and ischaemic eyes with CRVO had a significant decrease in retinal thickness after administration of intravitreal triamcinolone acetonide. However, only nonischaemic eyes showed statistically significant visual acuity improvement at each time point. Priglinger et al 41 reported that the efficacy of intravitreal bevacizumab was similar between non-ischaemic CRVO and ischaemic CRVO. However, ischaemic CRVO was associated with significantly lower visual acuity than nonischaemic CRVO (Po0.001). In our case series, 27 patients were classified as nonischaemic CRVO (19 patients in the ITA group and 8 patients in the IBe group) and eight patients (three patients in the ITA group and five patients in the IBe group) were classified as ischaemic CRVO. Those who were ischaemic CRVO had no improvement in visual acuity (P ¼ 0.058 in the ITA group; P ¼ 0.14 in the IBe group) and those who were nonischaemic CRVO had visual acuity improvement (P ¼ 0.007 in the ITA group; P ¼ 0.035 in the IBe group) at the end of the follow-up, favoring improvement for the nonischaemic group. From this study, we observed that patients with nonischaemic CRVO have both good anatomical and visual outcomes to intravitreal triamcinolone acetonide or bevacizumab injection. Patients with ischaemic CRVO also have a favourable anatomical response, but do not appear to respond as well functionally. It does imply that nonischaemic patients may have a better outcome to intravitreal triamcinolone acetonide or bevacizumab. However, these results should be interpreted with caution due to the small sample size of ischaemic eyes compared with nonischaemic eyes.
The major shortcomings of our study are small sample size in both the ITA and the IBe group, the retrospective study design, inadequate follow-up duration, nonstandardised guidelines for repeated injection, and nonrandomised trial. Large prospective, randomised clinical trials are necessary to compare the long-term efficacy and safety of intravitreal triamcinolone acetonide and bevacizumab for patients with macular oedema associated with CRVO.
Conclusion
In conclusion, intravitreal injection of 4 mg triamcinolone acetonide appears to provide the same short-term advantages with 1.25 mg IBe for the management of patients with macula oedema secondary to CRVO. Intraocular steroid or anti-VEGF can cause rapid resolution of oedema and visual acuity improvement but the effects are not permanent. Reinjections may be necessary in some patients. The potential benefits for intravitreal triamcinolone acetonide to manage macular oedema associated with CRVO are the relatively low cost and longer half-life. However, the well-known adverse effects of triamcinolone acetonide must be considered.
